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DEVELOPMENTAL CHANGES IN THE PROTEIN PROFILE OF 
CORNIFYING LINGUAL EPITHELIUM 
ROBERT s. BARATZ , D.D.S. , PH .D., ALBERT I. FARBMAN, D.M.D., PH.D., AND ALVIN TELSER, PH.D. 
Department of Anatomy, Northwestern University Medical School, Chicago, Illinois , U.S . A. 
Epithelia from the tongue dorsum of 14- to 21-day embryos, 3-week-old, and adult rats 
were separated from their connective tissues by incubation in balanced salt solution contain-
ing EDT A. Aliquots from total extracts of these tissues were electrophoresed on sodium 
dodecyl sulfate-polyacrylamide gels. 
Scans of gels stained with fast green (FG) revealed more than 20 peaks. Ten major peaks 
ranging from apparent molecular weights (MW) of 120,000 to 14,000 daltons comprised about 
70% of the total protein on each gel. This report focuses primarily on two pairs of peaks, 
arbitrarily numbered 2 and 3 (MWs 71,000 and 69,000) and 9 and 10 (MWs 17,500 and 14,000). 
Peaks 9 and 10 predominated in the 15-day embryos where they comprised about 30% of 
the total protein. As development proceeded, there was a gradual shift in the protein profile 
in favor of peaks 2 and 3 until on the 20th day the relative amounts of these peaks reached a 
maximum and peaks 9 and 10 decreased in relative amounts. The protein profile on the 20th 
fetal day resembled that of the 3-week-old rats and the adults. The rise in the relative 
amounts of peaks 2 and 3 coincided with the morphologic appearance of large numbers of 
tonofilaments and the onset of cornification. 
When the gel was stained by a procedure specific for sulfhydryl groups, peaks 9 and 10 
were especially reactive after the 18th day; planimetric analysis revealed that these had 
twice the relative aflmity for this stain than for FG whereas other peaks had equal or less 
affinity. The incorporation of r3H]cystine into peaks 9 and 10 was relatively greater than into 
the other proteins. 
The stratified. squamous. cornifying epithelia 
covering the external surface of the body and lin-
ing some parts of the alimentary canal provide a 
protective mantle by virtue of their specialized 
morphology. The surface cells of these epithelia 
appear as flattened squames with thickened 
plasma membranes 13,4). and they are filled with 
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CBB: Coomassie brilliant blue 
DDD: 2,2'-dihydroxy-6,6'-dinaphthyl disulfide 
FBK: fast black-K 
FG: fast green 
HBSS: Hanks' balanced salt solution 
.HOAc: acetic acid 
2-ME: 2-mercaptoethanol 
MW: molecular weight 
NEM: N-eLhyl maleimide 
PAS: periodic acid-Schiff 
SDS: sodium dodecyl sulfate 
TD: tracking dye 
VB: verona! acetate buffer 
fibrillar material embedded in an amorphous 
dense matrix (e.g., [5.6]). The complex aggregate 
of intracellular proteins in these cells usually is 
referred to as "keratin(s)." 
The present study focuses on the changes in the 
protein profile during development of the dorsal 
lingual epithelium in the rat. In the fetal rat, the 
tongue first appears on the 13th embryonic day, 
and. by the time of birth, its dorsal surface is 
covered with cornified filiform papillae morpholog-
ically similar to those found in postnatal animals 
17]. These structures appear as small , conical pro-
j~:>ctions in which the epithelial portion is clearly 
divided into two populations of cells-one produc-
ing a curved spine of"hard" keratin [8-11] and the 
other producing a collar of "soft" keratin fl2-14). 
This tissue offers several practical advantages for 
studies on cornification. First, oral epithelia exist 
in a moist environment both before and after 
birth, and, at least in this respect, fetal and adult 
epithelia ar e comparable. Second, the dual pattern 
of cornification of flliform papillae is similar both 
before and after birth. and during development a 
peridermal layer is not present [7,15]. Third. the 
differentiation of the dorsal lingual epithelium of 
the rat fetus occurs over a period of time long 
enough for convenient studies of the stages of bio-
chemical differentiation ! 7]. An earlier report [71 
detailed the morphologic differentiation of this tis-
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sue and can serve as a basis for correlating the 
biochemical data. Fourth, lingual explants can be 
grown successfully in organ culture f15-17]. Since 
the lingual mucosa has the dual pattern of hard 
and soft cornification, this feature acts as a mor-
phologic indicator of the ability of the cultures to 
mimic normal development. An understanding of 
the protein themistry of this tissue will enhance 
its value as a model for further study on the differ-
entiation of cornifying epithelia. 
MATERIALS AND METHODS 
Animals 
Pregnant Sprague-Dawley albino rats were obtained 
from Holtzman Farms (Madison, Wise.). To assur e 
proper age dating, all matings for each shipment oc-
curred the same night and fetuses were collected at 1-
day intervals in the early afternoon. Mother rats were 
anesthetized with ether and litters collected via lapa-
rotomy. Postnatal specimens were der ived from tho;;e 
pregnancies allowed to come to term. At least two lit-
ters (including a minimum of 15 fetuses) constituted the 
group which represented each age. 
Materials 
Dithiothreitol, sodium dodecyl sulfate (SDS), N-
ethyl maleimide (NEM), and 2.2' -~ihydroxy-6 ,~' -di-
naphthyl disulfide (DDD) were obtamed from S1gma 
Chemical Co., St. Louis. Mo. Acrylamide (electrophore-
sis grade), N,N' methylene bis-acrylamide,N,N,N ',N' 
tetramethylene diarnine, and 2-mercap~ethan~l (2-
ME) were obtained from Eastman Orgaruc Chem1cals, 
Rochester, N. Y. Disodiurn ethylene diamine tetraace-
tate, bromphenol blue and fast green FCF were ob-
tained from Fisher Scientific, Fairlawn, N . J. 
[ 3H]Cystine (2.6 Ci/mmole), ultrapure urea, cyto-
chrome-C. ovalbumin, chymotrypsinogen, bovine se-
rum albumin, and gamma globulin were purchased 
from Schwarz- Mann Biochemicals, Orangeburg, N.Y. 
Protosol tissue solubilizer and Liquifluor scintillation 
fluid were products of New England Nuclear, Boston, 
Mass. Hanks' balanced salt solutions, with and without 
calcium and magnesium, were supplied by Gibco, 
Grand Island, N. Y. Coomassie brilliant blue G-250 was 
obtained from Colab Labs Inc., Glenwood, lll . Fast 
black-K (FBK) was obtained from Koch-Light Labora-
tories Ltd., Colnbrook, Buckinghamshire, England. 
Basic fuchsin was supplied by Allied Chemicals, New 
York. N. Y. All other chemicals were reagent grade. 
R emoual of Epithelia 
Whole tongues were qukkly removed and placed in 
Petri dishes containing Hanks' balanced salt solution 
(HBSS) at ambient temperature (20-25°C). Each tongue 
was sliced in a horizontal plane to remove the dorsal 
mucosa with a minimum of connective tissue. The spec-
imens were placed in Ca++_ and Mg~+-fz:ee HBSS ~d 
warmed to 37°C for 15 min. After thiS tune, the flUid 
was replaced with 0.35 or 0.7% EDTA in Ca++_ and 
Mg- -free balanced salt solution, pH 7.3 [18], and the 
incubation was continued at 37°C for an additional hour 
or until the mucosal epithelium could be deanly peeled 
from the connective tissue with fine jewelers' forceps. 
The cleanness of separation was checked routinely with 
light and electron microscopy. 
Reduction and Solubilization of Protein 
Each group of peeled epithelia (roughly 10 mg wet 
weight) was placed in 0.5 ml of reducing solution (1% w/ 
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v SDS, 1% v/v 2-ME in 0.01 M sodium phosphate buffer, 
pH 7.1) in sealed tubes and incubated at 37°C for 12 hr. 
The samples were then heated to 100oc for 15-30 min, 
centrifuged a l 6000 x g for 15-30 min, and the clear 
supernatant solutions transferred to clean tubes and 
stored at - 20°C. In tongue specimens from fetuses up to 
the 18th day of development, the epithelium was com-
pletely solubilized by this procedure . In samples from 
older animals, a small precipitate remained after cen-
trifugation. The precipitate could be solubilized by re-
peating the extraction procedure. A1iquots of solubi-
lized material were assayed for total protein by the 
method of Lowry et al [19]. 
Polyacrylamide Gel Electrophoresis 
The solubilized protein samples were analyzed by 
electrophoresis on 10% SDS-polyacrylamide gels (0.6 x 
10 em) according to the method of Weber, Pringle, and 
Osborn 120]. Each gel was loaded with 125 !J.g of protein. 
Gels were routinely stained for protein with fast green 
(FG) or Coomassie brilliant blue (CBB) according to the 
method of Fairbanks, Steck, and Wallach 121] with the 
following modifications. The concentration of FG was 
0.2% and the gels were directly destained in 7% acetic 
acid (HOAc) omitting solutions 2 and 3 of Fairbanks et 
al [21]. In later stages of the work , gels were destained 
electrophoretically with an ISCO gel destaining appa-
ratus. 
Some gels were stained for neutral sugars with the 
periodic acid-Schiff (PAS) technique according to ~e 
method of Fairbanks et al [21]. Controls were carr1ed 
out on duplicate samples by omitting the periodic acid 
oxidation. 
Other gels were stained for sulfhydryl groups accord-
ing to a modification of the histochemical method of 
Barrnett and Seligman [22] as follows. After the run, 
the gels were placed in 3:1 7% HOAc:isopropanol for 24 
hr to precipitate the protein and remove the SDS, and 
were washed in several changes of 7% HOAc for 24 hr. 
After washes in distilled water. pH 7.0, water at. pH 8.5 
(with NaOH), and 0.1 M verona! acetate buffer CVBl. 
pH 8.5, for 15 min each, the gels were treated according 
to the technique of Barrnett and Seligman [221 except 
that the times were all increased. The gels were in the 
DDD reagent mixture for 1.5 hr, the anhydrous ether 
wash was increased to 30 min. and the time of reaction 
with the FBK salt [23] was increased to 10 min. The 
time increases permitted better penetration of the gels 
bv the solutions . Two types of controls were used. S~lfhydryl groups were blocked by (1) incubating gels 
in 10 mM NEM in 0.1 M VB, pH 7.0, for 1 hr at 20°C 
before reaction with the DDD, (2) S-carboxymet.hyla-
tion of the proteins before electrophoresis. The other 
control was prepared by omitting the DDD reaction step 
to determine whether FBK would stain the proteins by 
itself. 
Gel Scanning and Molecular Weight Estimations 
Gels were scanned in a Gilford recording spectropho-
tometer (Model 24008) equipped with a linear t rans-
port. Wavelengths used for maximum absorbance were: 
FG, 630 nm; CBB, 580 nm; FBK, 550 nm. 
Molecular weights (MWs) of individual peaks were 
estimated by comparing their relative mobilities to 
those of known standards, run under identical condi-
tions 120]. Standards commonly used included gamma 
globulin, MW 150,000; bovine serum al~umin , MW 
68,000; ovalbumin, MW 43,000; chymotrypsmogen, MW 
25,700; cytochrome-C. MW 11 ,700. The top of each gel 
and the midpoint of the tracking dye (TD) were used for 
reference points, and by aligning these two points, the 
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trace of one gel could be projected onto that of another. 
This feature was particularly useful for comparing the 
reactivity of a particular peak with any of the staining 
or labeling techniques employed. 
Planimetry 
lthas been suggested that FG staining ofSDS gels is 
quantitative in the range up to 200 f.Lg [241. The follow-
ing test was run with our protein mixture to determine 
whether the proportional distribution of a group of un-
known peaks can be approximated by planimetry. Gels 
containing 31.25, 62.5, 125, 187.5, and 250 f.Lg of protein 
were electrophoresed and stained with FG. The gels 
were scanned at 630 nm and the area under each peak 
was measured by planirnetry. These data showed that 
the area under each peak increased linearly with the 
amount of protein loaded on the gel. Similar measure-
ments were carried out on scans ofFBK-stained gels. 
Labeling with Radioactive Cystine 
Autoradiographic studies have suggested that pro-
teins rich in cysteine are synthesized rapidly (6 hr or 
less) and in quantity in cornifying epithelia 125-29]. 
LinguaJ epithelia in 20-day and 21-day pregnant fe-
males were labeled with [3H]cystine as follows. The 
uterine horns were exposed by laparotomy and 10 fe-
tuses were injected intraperitoneally through the wall 
of the maternal uterus. Each fetus received 8-l 0 f.LCi/ 
gm of the isotope. The laparotomy wound was closed 
with wound clips. Three to six hours later the mother 
was killed and the fetal tongues were processed for gel 
electrophoresis as described above. 
Stained gels were frozen with dry ice a11d s liced on a 
Mickel gel slicer (Brinkmann Instruments Co.) at 0.5 or 
1.0 mm. Each s lice was placed in a scintillation vial 
containing 0.5 ml of Protosol tissue solubilizer (9:1 in 
H,OJ and left at room temperature overnight. Ten mil-
liliters of Liqui£1uor scintillation fluid was added and 
the vials were counted in a Packard Model 3385 liquid 
scintillation counter. Aliquots of nonelectrophoresed 
samples were precipitated with cold 5% trichloroacetic 
acid and counted for comparison. 
RESULTS 
More than 20 peaks could be distinguished on 
FG-stained gels of the lingual epithelial speci-
mens. Variations in the gel composition from 6 to 
15~ acrylamide. the running time from 2 to 10 hr. 
or the use of another general protein stain (CBB) 
did not alter the pattern. Ten of the peaks. rang-
ing from apparent MWs of 120,000 to 14,000 dal-
tons could be readily identified in each sample 
from fetuses 15 days in utero and older (Fig. 1). 
Together these 10 peaks represented about 70% of 
the total protein on each gel. 
Because the nature of the protein samples may 
have been affected during the 1-hr incubation pro-
cedure for separating epithelium from connective 
tissue, controls were carried out to determine 
whether proteolysis had occurred. Thin slices of 
epithelial tissue were made with a razor blade on 
fresh tongues and extracted without EDTA-salt 
incubation. Although these slices were not en-
tirely free from connective tissue, gels prepared 
from them were very similar to those prepared 
from epithelia separated with EDT A. To deter-
mine whether any protein had leached out of the 
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epithelium during the incubation with the EDT A 
solution, the solutions used for separating epithe~ 
lia from 20 21-day fetal tongues were combined, 
centrifuged at 6000 x g to remove free cells and 
debris, lyophilized, resuspended in extraction so-
lution, and analyzed for protein. The amount of 
protein was insignificant. 
Another source of error was the possibility of 
incomplete sulfhydryl reduction of the tissue. Ad-
dition of excess 2-ME or 10 mM dithiothreitol, both 
with and without heating, brought about no alter-
ation in the peak proflie. In another test, epithe-
lial sheets were extracted with a different solvent 
(8 M urea, 0.12 M 2-ME, 1.4 M Tris buffer, pH 8.9) 
subsequently carboxymethylated, equilibrated 
with SDS, and run on SDS gels. These gels showed 
no variation in the usual protein patterns. These 
results are generally accepted as sufficient evi~ 
dence that no unreduced proteins were present 
f20j. 
As a test for the presence of lipids in the gels, 
some epithelial samples were extracted twice with 
absolute alcohol-ether before protein solubiliza-
tion. In these samples too, no change was observed 
in the peak pattern. 
Changes in the Electrophoretic Patterns during 
Development 
In a description of rat lingual epithelial morpho-
genesis f7) it was noted that the rat tongue rudi-
ment appears on day 13 of gestation. By day 15, 
small dermal papillae were seen in the dorsal 
mucosa and definitive desmosomes were seen in 
the epithelium. Filiform papillae morphologically 
similar to those of the adult were present by the 
time of birth. The morphologic appearance of the 
lingual epithelium between 14 and 21 days in 
utero is summarized diagrammatically in Figure 
2. In the present study the groups of tongue epithe-
lia analyzed were from fetuses 14 to 21 days in 
utero. Well-defmed protein peaks were present in 
gel scans of specimens at all these ages. The pat-
tern on day 15 of gestation was a series of distinct 
peaks, including those designated 1-10. the pre-
dominant ones in older fetuses (Fig. lB). In these 
15-day specimens. more than half of the total FG 
staining material was confined to proteins with 
apparent MWs below 40,000 daltons, and, in this 
range, peaks 9 and 10 together constituted more 
than 30% of the total. As development proceeded, 
there was a gradual shift in the FG staining pro-
file in favor of the higher-molecular-weight pro-
teins (apparent MW 50.000 daltons or greater). 
Since 10% gels gave the best resolution for the 
total spectrum of peaks, this gel concentration was 
used for the quantitative studies. However, since 
peaks 2 and 3 ran so close together on 10% gels 
(apparent MWs 71.000 and 69,000, respectively). 
the area under these two peaks was combined for 
purposes of discussion. On lower-percent gels (5%, 
7.5%) it was possible to show they both increased 
by the same amount on the same days of develop-
ment. On the 18th fetal day there was a marked 
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FIG. 1. Protein profiles of fetal lingual epithelia. A: 14-day; B: 15-day; C: 18-day; D : 21-day. Each gel contained 
125 JJ.g of protein and was stained with FG. 
increase in these peaks so that they constituted 
more than 15% of the total FG staining material. 
This increase reached its maximum on the 20th 
and 21st days, while over the same period there 
WIU> a relative decrease in peaks 9 and 10 (Figs. 1, 
3). During this period, from day 15 to day 21 , the 
other peaks remained more or less constant in 
relative quantity (e.g., peak 5, Fig. 3) except peak 
1 which rose from about 2% to more than 5% of the 
total FG staining material. The protein profile on 
fetal days 20 and 21 resembled that of the 3-week-
old animal (Fig. 4) and the adult. 
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PAS and Sulfhydryl Staining of Gels 
PAS staining revealed a single positive staining 
band which migrated ahead of al1 the peaks men-
tioned above near the tracking dye. This region 
had only a slight staining reaction with either FG 
or CBB. The nature of this material is under 
study. 
Staining for sulfhydryl with the Zwaan 1231 
modification of the Barrnett and Seligman 122] 
technique utilizes the diazonium dye FBK to color 
the DDD ligand. FBK has been shown to bind 1:1 
with DDD (30] and therefore may be suitable for 
quantitative estimates of the amount of sulfhydryl 
present [31]. Figure 5 is a typical gel scan of20-day 
fetal lingual epithelial proteins stained with FBK. 
Proteins associated with peaks 9 and 10 are espe-
cially reactive. Planimetric analyses indicated 
that after day 18 these peaks were stained with 
FBK with significantly greater relative intensity 
than with FG, while all of the other peaks stained 
with equal or less intensity. In specimens from 
ages prior to day 18 the staining patterns with 
FBK and FG were essentially similar, i.e. , peaks 9 
and 10 did not show this relatively greater stain-
ing with FBK. Sulfhydryl staining of all of the 
protein bands was abolished by prior treatment 
with 10 mM NEM or by S-carboxymethylation of 
the lingual proteins. 
In the tracking dye region beyond the FG stain-
ing material there was a band of relatively intense 
staining with FBK whicl-) coincided with the zone 
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of positive PAS staining (Fig. 5). Curiously, this 
region retained its ability to stain with DDD- FBK 
in controls, both on gels of S-carboxymethylated 
proteins as well as on gels reacted with 10 mM 
NEM prior to staining. This DDD-FBK-positive 
band was present on gels of all ages examined. On 
unstained gels this region had a turbid appear-
ance. 
Incorporation of Radioactive Cystine 
(:SH)Cystine was injected into 18-, 20-, and 21-
day fetuses. and histograms of the count profiles 
were plotted on the gel scans of the lingual epithe-
lium taken 6 hr postlabeling. Shorter labeling pe-
riods of 3 a nd 5 hr gave identical results. From 
Figure 6 it is clear that peaks 9 and 10 are rela-
tively rich in label from cystine. The radioactive 
index (% oflabel in peak/% ofFG staining in peak) 
for peaks 9 and 10 is approximately twice that for 
any other peak on the gel. Moreover the pattern of 
labeling with cystine correlated well with the pat -
tern of FBK staining (c. f. Figs. 5, 6). In addition, 
the region migrating with or ahead of the tracking 
dye also showed a slight preferential relative in-
corporation. 
DlSCUSSlON 
During differentiation of the lingual epithelium 
between the 14th and 21st fetal days, the protein 
profile as shown by SDS-gel electrophoresis un-
derwent striking changes. ln the 15-day fetus the 
FIG . 2. Schematic illustration of the major events in the morphogenesis of filiform papillae . A : Bilayered 
squamous epithelium present on day 14 in utero. B: Short dermal papillae characteristic of day 15. The epithelium 
has thickened in the interpapillar zones. C: Tall dermal fapillae present early on day 18. The first cornified cells 
appear later on this day of development. D: Appearance o the I ingual mucosa on day 21. Cornified filiform papillae 
are apparent. For a more complete description of the developmental morphology of the tongue, see [7]. 
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predominant protein species fell in the range of 
less than 40,000 daltons. Two peaks, arbitrarily 
labeled 9 and 10 (MW 17,500 and 14,000 daltons, 
respectively) comprised approximately 30% of the 
total FG staining material. As differentiation pro-
ceeded, by the 18th and 19th days there was a 
major shift in the relative abundance of protein 
peaks in the 50.000-71,000 dalton group. The ma-
jor components. peaks 2 and 3, had estimated 
20 
10 
15 
20 
10 
Peak 2-3 
18 21 
Peak 9 
··-··· ~ ........ 
18 
days 
21 
Peak 5 
.... 
,, 
15 18 21 
15 
Peak 10 
\ .... ..... .. ... 
1S 
days 
FIG . 3. Percent composition of 5 FG staining peaks on 
fetal days 15 to 21 as determined by planimetry. Values 
for peaks 2 and 3 have been combined. 
0 .7 
0 .5 
+ 
FIG. 4. Protein profile of 3-week postnatal lingual 
epithelium (FG stain). TD = tracking dye mark. 
Cl.> 
u 
c 
en 
.0 
L 
0 
II) 
2.0 
1.0 
.o , 
<!~---
20-Day 
Vol . 68 , No.5 
r • I o I ._ 
; ~ 
. 
I 
. 
I 
: 
. . 
'·' 
. 
. 
' 
• \ 
TD , 
'• 
. 
\ 
. 
. 
Fie. 5. Staining pattern of20-day fetal tongue epithe-
lium with FG (-), FBK (----). and PAS ( · · · · · ). TD = 
tracking dye. 
Q) 
u 
.6 
@ 0.3 
..0 
L 
0 
II) 
..0 
<! 
20-Day 
Cystine- 3 H 
FIG . 6. Radioactivity profile of 20-day fetal tongue 
epithelium projected onto protein profile . TD = track-
ing dye; FG (-- ); cpm (----). 
MWs of 71 ,000 and 69.000 daltons, respectively. 
The relative abundance of the peaks reached a 
plateau a t 19 days and maintained this level post-
nat.ally into adulthood. It should be noted that 
these are in the MW range of the so-called fibrous 
or a-proteins found in cornifying epithelia 132-44]. 
We are presently trying to isolate some of these 
species from fetal lingual epithelium. 
In an effort to determine the approximate sulfur 
content in the peaks of lingual epithelial protein, 
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gels were stained with the DDD-FBK method and 
the gel scans were superimposed on scans of dupli-
cate gels stained with FG, with appropriate gain 
adjustments on the spectrophotometer. The data 
show that peaks 9 and 10, in particular. had a high 
afftnity for the stain. The ratios between affinities 
for FBK and FG stains show that proteins in these 
peaks contained relatively more sulfhydryl groups 
than those in any others. Moreover , the 
I3H]cystine incorporation experiments showed 
that this sulfur-containing amino acid was incor-
porated to a relatively greater extent during the 6-
hr exposure in proteins of MW 10,000-20,000 dal-
tons, i.e., in the range of peaks 9 and 10. Both 
experiments, the one measuring total content of 
sulfur-rich proteins, the other measuring incorpo-
ration of a sulfur-containing amino acid, indicate 
that sulfur-rich proteins constitute a significant 
part of peaks 9 and 10. It is interesting to note 
further that peaks 9 and 10 acquire their increased 
affmity for FBK stain on day 18, when the first 
morphologic signs of cornification are detectable 
171. Prior to day 18, although peaks 9 and 10 are 
the most prominent peaks in the FG gel scans, 
their relative affmity for FBK stain is not signifi-
cantly greater than that of other peaks. This sug-
gests that the character of peaks 9 and 10 changes. 
Their total amount decreases relative to the 
amount of proteins in the 50.000-70.000 dalton 
range, but their relative affinity for the FBK stain 
increases. The increased prominence of sulfur-rich 
polypeptides in this MW range may be related to 
the process of cornification 1451. High-sulfur pro-
teins have not. been isolated from epidermis; how-
ever . investigators who have isolated high-sulfur 
proteins from hair cortex have found them to be in 
the MW range of 10,000-20.000 daltons with cys-
teine contents up to 15% 146-48]. 
These two events, namely, the increased promi-
nence of sulfur-rich polypeptides under peaks 9 
and 10 and the increased relative amounts of poly-
peptides in the 50,000-70,000 dalton range, espe-
cially those under peaks 2 and 3, occur at the same 
stage in development where our morphologic stud-
ies revealed the onset of cornification. On the basis 
of this and on the basis of the relative stability of 
the protein profile in later development, it. is rea-
sonable to propose that these polypeptides are re-
lated to the cornification of the lingual epithelium, 
although the roles of either group must await 
further studies. 
A puzzling finding in the FBK-stained gels was 
a strong staining reaction at the region of the 
tracking dye in both the untreated extracts and 
those in which the sulfhydryl groups were reacted 
with blocking agents. This zone showed a low 
affinity for the FG stain but. stained positively 
with PAS (Figs. 5, 6). Low-molecular-weightoligo-
peptides. glycopeptides, and proteoglycan frag-
ments would migrate here, and the slightly ele-
vated labeling index for 13H]cystine is consistent 
with this possibility. A positive PAS reaction is 
usually interpreted to indicate the presence of 
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neutral sugars, and this together with the slight 
FG staining supports the notion that glycopeptides 
are present . In a series of experiments which will 
be reported elsewhere we found that ovalbumin (a 
glycoprotein) was still reactive with DDD-FBK 
after reduction and exhaustive carboxymethyla-
tion although the amount of stain bound was re-
duced significantly. Thus, it is possible that the 
DDD- FBK stain reacts with the carbohydrate por-
tion of glycoproteins and their degradation prod-
ucts. 
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